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Abstract
Accurately estimating the amount of image area on a printed page provides a necessary factor
for determining the cost of a given printed job. In conventional printing, the cost of the ink
is relatively low in comparison to other factors such as paper. In electrophotography, having
the cost associated with the colorant is substantially higher per sheet, it is more important to
obtain a more accurate estimate of the amount of toner to be used. This higher toner cost
often rivals paper for the highest cost-per-sheet item.
The scope of this study is to determine what functional relationship exists between the total
area coverage (TAC) and the toner used. This study will determine if there is a relationship
between the amount of toner transferred and TAC considering factors such as image struc
ture, contrast, and toner-on-toner transfer, and tonal value.
The procedures for testing will include printing a variety of test forms on a production qual
ity digital printing engine. The forms will contain three batteries of tests. The first test is of
image structure and contrast. This test will determine if there are any edge effects or if the
contrast of an image has and effect on the amount of toner used. The second test will deter
mine if toner transfers the same on another layer of toner as it does on unprinted paper. The
third test determines if tonal values consume a linear amount of toner, ie, a 40% block con
sumes 2x the toner as a 20% block. In all of theses tests ,the substrate will be weighed before
and after the test forms are printed. The resulting data is to be analyzed to determine if a rela
tionship exists.
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The first two tests showed some unique characteristics to how toner is consumed. In the
image structure/contrast test, image structure showed no effect. The contrast variable did
show an effect. The test form of 100% contrast used 2x more toner than the form with 0%
contrast. Both forms had the same amount of intended coverage. The third test was then
developed to determine the amount of toner used to create a full scale of tonal values 0-100%.
The amount of toner used to image an 8"x 10" 100% block requires 4x more toner than the
same area at 50% tonal value, these results were consistent with the second test. The testing
concluded that total area coverage is not sufficient to accurately determine the amount of
toner to be used on a given print job.
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Chapter 1
Introduction
Accurately estimating the amount of image area on a printed page provides a necessary factor
for determining the cost of a given printed job. In conventional printing, the cost of the ink
is relatively low in comparison to other factors such as paper. With the advancement of digi
tal printing processes like electrophotography, the cost associated with the colorant is sub
stantially higher per sheet. This higher cost often rivals paper for the highest cost per sheet
item.
To determine how much toner will be transferred to a sheet as accurately as possible involves
several steps. The first step is to determine how much "image
data" is intended to be trans
ferred to the sheet. The next step is to determine if there is any correlation between the
intended amount of toner and the printed result. Does a 50% tone value carry half as much
toner as a solid area? Does the same amount of toner transfer on top of another layer of toner
as it does on clean paper?
The scope of this study is to determine what functional relationship exists between the total
area coverage (TAC) and the toner used. This study will determine if there is a relationship
between the amount of toner transferred and TAC considering factors such as image struc
ture, contrast, and toner-on-toner transfer.
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This data could ultimately be used to create a software application or print driver to auto
matically determine the toner consumption of any given computer file on any given digital
press as far upstream as the point of estimation.
Chapter 2
Theoretical Bases of the Study
Finding a method for precisely calculating the consumable cost with digital printing is quite
an important task. Digital printing toners cost the same as, if not more than, the cost of the
paper. In conventional offset lithography, the cost ofpaper is the single largest cost ofan aver
age job. The reason for the drastic difference of colorant costs between printing processes is
due to several factors including but not limited to the complex production methods, propri
etary technologies, and scale of production of toners compared to ink. Current methods of
calculating the image area of a print job are time consuming, expensive, and inaccurate. Thus
we must develop a new system. To facilitate a more accurate method of estimating, special
ized for the digital printing market, it is important to explore how the materials act on the
digital printing engine.
The Cost of a Printed Sheet of Paper
Short run black-and-white and four-color offset lithography is the closest competitor with
respect to price, substrate, and quantity to the digital printing market, and thus is the sector
of the printing industry that digital printing is in direct competition with. This section will
explore the relationship of cost per sheet between short run litho and digital printing. The
cost of any commercially printed item can be broken down into two groups, the fixed costs
and the variable costs. These associated costs can then be divided by the quantity to determine
the unit cost, or cost per sheet.
Fixed Costs: The fixed costs of a print job are costs that are constant regardless of the number
of copies to be made. In conventional lithography, utilizing a digital workflow there are sev
eral steps that are involved before the job is ready to print. The steps necessary are preflight-
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ing, proofing, platemaking, and press makeready. Preflighting the document ensures the dig
ital file is complete and that the components of the digital file are of proper specification to
yield high quality and trouble free processing. The proofing stage is critical for communicat
ing expectable results of the printing process between the printer and the customer. Proofs are
costly and time consuming to produce, but with the quantities generally associated with off
set lithography, it is more cost effective to proof than to reprint a job due to error. The final
cost associated with preparing a job is makeready. Makeready is all of the preparatory actions
on the printing press done before sellable sheets are produced. This step takes time as well as
materials.
In digital printing the primary fixed expense is preflighting the document to ensure that it will
run properly on the printer. Other costs, which make up a small portion of the total fixed
cost, include sending the file to the RIP and other miscellaneous file preparations (Extracted
from a study conducted by Barbara and Bill Birkett for Xerox, 2000).
Variable Costs: Variable costs are costs that accrue as the number of sheets are printed. In
Lithography the variable costs are relatively low, accounting for only the rate for the machine,
the cost of paper, and the cost of ink.
The budgeted hourly rate (BHR) is the cost associated with a particular piece ofmachinery
when it is in use. Following is a brief overview on how a BHR is derived. The BHR can be
broken down to the individual costs ofpurchasing equipment, maintenance, labor, insurance,
rent, power, operator overhead, and general overhead. The cost of a print engine is depreciat
ed over a number of years multiplied by the amount of hours that the facility is open in a
given year, Rate = cost/(years * hours). Maintenance is time subtracted from the operational
hours of the printing device for cleaning or anticipated repair. Maintenance also adds $/hr
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based on the estimated cost of upgrades to facilitate a combination of expanded functionali
ty, increased productivity, or increased quality throughout the estimated life of the machine.
Labor costs add the hourly wage of the operator of the equipment. Operator overhead takes
into consideration all benefits, obligatory expenses, support staff, and supervisory staff of the
operator, usually resulting in 50% of the operator wage. General overhead accounts for fac
tory expenses and the "front end": CSRs, receptionists, sales staff, etc.
The hourly rate of a device, as calculate above, is assuming 100 percent productivity, which
is essentially unattainable. Generally a 50-85% productivity rate is deemed profitable.
Productivity is reduced from 100% by factors such as unscheduled downtime, breaks, meet
ings, training, sickness, and rework due to internal error. The hourly rate calculated above
needs to be adjusted to reflect the productivity. The resulting figure is a $/hr ratio used to
charge for using a machine. (Hamilton, 1997)
The other variable costs associated with printing a conventional job, other than the machine
time, include paper and ink. Digital printing variable costs include paper, toner, and variable
maintenance. The significant difference in variable cost between the two processes is the col
orant, either ink or toner. The following two sections will illustrate why this difference in cost
exists.
Ink Production
Ink manufacture is a process that is tailored to the specific process, substrate, and end use of
the customer. The process of producing ink is well established and remains relatively consis
tent among the many manufacturers. This section will describe the components present in
offset lithographic inks as well as a brief explanation of how they are manufactured.
Page 6
Offset inks are primarily comprised of three parts, the vehicle, colorant, and additives. The
vehicle is primarily made up of a drying oil. Drying oils are made from processed linseed oil.
The raw linseed oil is boiled, at this time, the temperature and duration of the boiling (or
bodying) determines the viscosity. Drying oils dry in a two-part process called oxidation. In
oxidation, the oil first absorbs oxygen from the air. The oil film then polymerizes into a hard
coating on the substrate. Linseed oil is most widely used for its properties such as superior
transfer, drying, and binding capabilities. Other vehicles such as soy oil are gaining in popu
larity due to their environmental friendliness.
The colorants used in process color offset lithography are usually organic color pigments.
Process colors are available from a variety ofpigments, but only a few are in common use. The
pigments that are not common for offset lithography are still used in other areas of the print
ing industry for other specific applications. Diarylide yellow is primarily used as process yel
low due to its transparency and reduced health concerns as compared to the alternative,
chromium yellow. The pigment used for magenta is commonly Rubine red due to its light
fastness and economic benefits. Rhodamine red is sometimes used for process magenta when
a higher level of purity is desired, but for the most part Rubine is the mainstay.
Phthalocyanine Blue is used for the process cyan pigment. Peacock blue is Phthalocyanine's
nearest competitor, but is more expensive and is less pure in color. Black pigment is derived
from carbon. The carbon is generated by
"cracking"
oil or natural gas in a furnace.
Additives are generally used in the production of printing inks to change a certain character
istic of an ink. Additives come in the form of driers, waxes, lubricants, and rheological agents.
As the name suggests the driers enable the drying oils to dry at a faster rate. Waxes are added
to the ink to give it scuff resistance and to reduce the possibility of set off. Lubricants are
added to help the ink distribute and transfer, as well as act to lubricate. Rheological agents are
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materials that affect the viscous characteristics of the liquid. Rheological agents are added to
make the ink flow on rollers and set on paper.
The production process involved in manufacturing inks is relatively straightforward. The pri
mary objective is to pulverize and evenly disburse the colorant into the vehicle. The first step
is to mix the components of the ink together. Since today's ink manufacturers are able to
obtain preprocessed colorants, this process is dramatically easier than it used to be. The next
step is to mill the ink to ensure that the ink is thoroughly mixed and to reduce the grind, or
particle size. The final step is to filter the ink to remove any particulates that may have con
taminated the ink. (Product and Technical Committees, 1988)
Toner Production
Toner is comprised primarily of colorant (pigment) with a plastic resin. The plastic resin has
properties to melt and flow at temperatures from 150f to I60f. The toner particles are
accompanied by a charge control agent (CCA), which is responsible for maintaining the
charge of the particle so it may be attracted to the image area of the imaging drum. The com
posite make up of a dry black toner is as follows: colorant, CCA, plastic resin binder, lubri
cant, and cleaning additives. Ninety percent of the entire mix is the plastic resin binder.
(Thompson, 1998)
Most dry toners are physically limited in particle size to 5-10 microns. Larger particle sizes
result in lower resolution. If the particle sizes were to become any smaller than 5 microns the
toner would float away into the atmosphere, referred to as smoking. To solve the problem of
smoking and use smaller particle sizes, the toner particles can be stored in a nonpolar and
insulating liquid such as light mineral oil. The toner particles in these systems can go as low
as 1-2 microns. (Indigo, 2000) The smaller particle size results in higher print resolution. Due
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to the size of dry toner it is difficult to very accurately control the charge of the CCA. An
improper charge can result in slower transfer to the imaging drum resulting in ragged edges.
(Thompson, 1998)
Toner production is conducted at a vastly smaller scale as compared to ink production. To
give scale to the production volumes, The National Association ofPrinting InkManufacturers
reported $4 billion in sales, approximately 2.5 billion pounds of ink in 1999. Cap Ventures
reported that toner revenues for production quality color digital printing devices (24+ ppm)
in the US was $160 million in 2000 for 1.9 million pounds. Factors including proprietary
technologies and scale of production contribute to the high cost of toner.
Total Area Coverage Estimation Methods.
Current methods for estimating coverage for a specific job rely heavily on time and experience
of the person estimating to get accurate results. One method of determining the amount of
coverage is to use an Image Area Calculator. This device consists of clear plastic with a grid
imprinted on it. With the grid placed on the image, the estimator can look at each square and
determine the amount of coverage. The values of each square are added up to determine the
coverage. This method is tedious and quite time consuming (Screen Web, 2001).
More sophisticated methods of determining TAC are implemented by means of software.
Many of these pieces of software are proprietary to specific workflows. Barco's "Final
Eye"
is
a production application designed to give the user a better idea of how inks will appear and
be used on press. This application can accept Adobe Illustrator and Barco Fastlane files only
(Barco Graphics, 2002). This is just one example of available tools, and is clearly intended for
use closer to production rather than at the time of initial estimation. Other software packages
are similar to Final Eye in that they are production tools and not planning tools.
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Many times, the total area coverage will be systematically
"guesstimated." One method as
described by Screen Web (2001) is as follows. First observe each separation printed as black
and white, then estimate the average amount of the sheet covered by image elements. Next,
estimate the average percentage of the dot in the image area. If you multiply these two fig
ures, the resulting number is the percentage of coverage over the sheet. For example take a let
ter sized sheet with 75% covered by image of some sort. Then determine that the average of
the dots contained are 60%. The result would be: .75 x .6 = .45, or 45% coverage for that
separation. (8.5 x 11) x .45 =42 square inches of coverage.
It is clear to see that this method of estimating is open to a large amount of variation by the
person estimating. Unfortunately it is also the most common method of estimation.
Estimating for digital print clearly needs a software solution that can be easily implemented
on files when they are submitted.
Trapping
Trapping is the ratio to describe the transferability of the ink to either the substrate or anoth
er ink film. The ink's tack refers to the stickiness of the ink, or its ability to be transferred to
a substrate. Once the ink is transferred to a substrate, the tack of the ink is dramatically
increased as it sets. The structure and the composition of the paper contribute to determine
how quickly the ink will set on the paper. The ink's properties such as its tack and viscosity
also determine how fast it will set. Printing conditions such as the thickness of the ink film
also determine the rate of the ink setting. The characteristics of this printed ink film become
very important when one is printing four colors inline on a high-speed printing press. One
phenomena that occur when the ink tacks are inappropriate is called under-trapping. Under-
trapping is when an ink film transfers less on a previously printed (still wet) ink film than on
unprinted paper.
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Bit Depth
One characteristic of digital printing engines that is different than conventional lithography
is the way images are prepared by the RIP to be printed on the sheet. Offset lithography must
use area modulated screening to simulate continuous tone. Digital printing engines use bit
depth as well as area modulation. The reasons for using either lies exclusively on the capabil
ities of the printing technologies. Arguably both systems yield comparable results to the naked
eye.
Area Modulation: Area modulation comes in two forms, Amplitude Modulation (AM) and
Frequency Modulation (FM) . In AM screening, the size of a dot on a grid (called a halftone
screen) is varied to give the observer an illusion of grey levels. The top of Figure 1 shows one
cell of the halftone screen. High quality images have 133 or 150 of these variable sized
(halftone) dots per inch to achieve the illusion. The unit of
measure is in lines (of dots) per inch, or lpi. In FM screening,
individual small spots are placed at differing intervals of fre
quency to simulate tones. The bottom illustration of Figure 1
shows the same tonal value as the top illustration, but with
FM screening.
The system that creates these dots (on either film or printing
plates) is binary, that is, dots can only be black or white. To
vary the size of a halftone dot, it needs to be made up ofvery
small spots. Figure 1 shows the addressability grid of the spots
(in grey) of a 2400 spot per inch (spi) device. A 2400 spi
device at 150lpi images 16x16 spots per halftone cell which
Ss
FM Screened Dot
Figure 1: Area Modulated Dots
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results in 256 levels of gray, represented by each of the addressable spots. Area modulated
screening utilizes high addressability (1270-3600spi) to achieve the proper resolution and grey
levels resulting in a continuous tone illusion to the eye.
Bit Depth. Digital printing engines have a relatively low addressability of 300-600spi.
Therefore, they cannot create the amount of spots necessary to create the grey levels necessary
for area modulation. To get high quality, digital printing engines have to modulate the
amount of toner deposited on any given spot. Different colorant levels are denoted by a bina
ry number and called bit depth. A bit depth of 8 means 28 or 256 levels of grey. The combi
nation of bit depth and addressability allows the digital printing device to achieve similar
quality as devices with high addressability.
Chapter 3
The Hypothesis
A question arises when dealingwith digital printing processes. Does the same amount of toner
transfer to the substrate all of the time regardless of image structure, contrast and overprint?
This study will try to determine the printing characteristics of a digital printing engine with
regard to image structure, contrast, and overprint.
The image's structure and contrast may affect the amount of toner transferred due to an edge
effect. Toner particle sizes range from 5-10 microns. Toner particles may resides on the edge
of an image, half on and half off of the image. The charge in this circumstance may or may
not be sufficient to move the particle. If a sheet to be printed has more edges (ie text) than
this effect may cause a detectable difference in toner transfer.
In electrophotography, the toner relies on a charge to be present to transfer to the substrate.
If the charge is attenuated by the presence of another layer of toner, the transfer may be
altered.
The hypothesis is that there is a direct linear relationship between the TAC calculated from a
digital file and the amount of toner transferred to the substrate.
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Chapter 4
Methodology
This study examines the transfer properties of toner based imaging systems. In the following
test we will try to find out the relationship between the TAC determined and the toner trans
ferred. We will also determine the overprint characteristics of the printing engine. In brief,
sheets to be printed will be weighed before and after they are printed. The intended amount
of toner deposited is the same. If they sheets weigh differently, we will investigate why it hap
pened.
Equipment/Materials
Xerox DocuColor 2060. The Xerox DocuColor 2060 is a high-speed color digital press. The
DC2060 is able to print up to 60 pages per minute (8.5x11 81-135gsm.) This digital press
uses an offset belt to transfer the image to the substrate. Figure 2 below is an excerpt from a
publication provided by Xerox. Some of the more advanced features specific to this device
include I-Tracs, Trickle Charge Development, and Digital Blanket technology.
Figure 2: Schematic of Docucolor 2060
I-Tracs is a system that consists of sensors and hardware to ensure that the sheets printing
out are consistent. The I-Tracs system can also print out a test sheet and read it as it exits
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the machine. The system can then make adjustments to the print quality based on the meas
urements. The Trickle Charge Development system holds the toner and developer sepa
rately. The developer is mixed with the toner as the developer in use becomes exhausted.
Xerox claims that this system extends the developer life to up to 100,000 impressions while
maintaining consistent color. The Digital Blanket
Technology
enables the DocuColor 2060
to transfer the toner to a wider variety of substrates more reliably. Digital Blanket
Technology
also includes a better method of fuser oil metering to avoid streaks.
Mettler Toledo AG204 DeltaRange. A scale is needed for the experiments to weigh the toner
deposited on the sheet. TheAG204 DeltaRange scale chosen for these experiments has a max
imum capacity of 81g, with a readability ofO.lmg. The repeatability of this device is 0.5mg.
The high accuracy of this device will reduce the number of readings per sample compared to
the number of samples needed for a device of less accuracy.
Xerox 3R5765: The material chosen for these experiments is a clear polyester substrate author
ized by Xerox for transparencies. This synthetic material was specifically chosen to eliminate
any possible variability due to moisture as found in organic fibers such as wood or cotton.
Image Structure/Contrast/Toner Relationship
The first experiment of this study is to determine if there is a direct relationship between the
content of the image and the amount of toner deposited on the sheet given the total area cov
erage is the same. We will be using 50% TAC, or 40 square inches as our constant TAC on a
letter sized sheet. The sheet (shown on the next page in fig 3) will be used to test this rela
tionship. The form will test combinations of image size patterns (1", .5", .25", .125") and
contrast ratios (100%, 80%, 60%, 40%, 20%, and 0%). All variations of the sheet to test
image structure and contrast are shown in AppendixA. The Docucolor has a published reso-
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lution of 600dpi. The sizes of the image
structure patterns were chosen to to be even
ly divisible by the published resolution of the
Docucolor 2060. The even divisibility
reduces the possible edge variability due to
interpolation by the RIP. The weight of the
toner deposited on the sheet will be evaluat
ed to determine if a relationship exists.
The first step of the experiment is to weigh
the sheets of transparency material before
anything is printed on them. It is important
iFtf. 1 rH% 40?. 20% OS
wm
Figure 3: Contrast/structure test form
to verify that the scale is calibrated to null
before any measurements are taken. Each of the sheets will be uniquely marked before being
weighed so that the accurate weight will be able to be associated with the final printed sheet.
A sheet of material will be sent through the printing process, printing nothing, to determine
if the rigors ofprinting change theweight of the substrate. The transparencymaterial was cho
sen to specifically reduce the possibility of material weight fluctuation due to moisture con
tent.
In conducting this (and any) experiment it is critical to establish and verify the conditions
under which all of the equipment and materials will be during testing. In the prior step of
weighing the material, the scale is equipped with a simple button to "zero the scale.
The DocuColor is a significantly more complex piece of equipment compared to the scale; as
such it is necessary to go to greater lengths to verify its output is consistent to what we need
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from day to day as well as the software con
figuration of the Fiery RIP. The test we are
conducting relies on the accuracy of the
screen percentages we send to it. We will
print out several test forms and obtain an
average. For our purposes we will print out 4
test forms consisting of gray patches from
10%- 100% in increments of 10%. Figure 4
shows one of the four test forms to determine
linearity. The remainder of the test forms are
shown in Appendix B. The other three test
forms rotate the stripes 90 to help average
Figure 4: Linearization test form
the noise of the system. Each stripe is read in
three places using a dot meter. The results are averaged. Using the number of readings on each
form, we ensure that an accurate average is computed. Once the average of each 10% incre
ment is determined, a transfer curve can be calculated to linearize the device.
Transfer Curve DC2060
BO
70 -
60 -
50 -
30
'
10 -
J/ 1
10 30 30 40 50 60 70
Nominal Values
90 100
Figure 5: Sample Transfer Curve
Figure 5 to the left is a sample transfer curve that
was created by measuring the above sheet and
plotting the results in a chart using Excel. The
diagonal line represents what we are trying to
achieve. To determine what the output value for
any given input value, simply find the desired
percentage on the right, follow the horizontal
line until the interception point of the data
curve. At the point of intercept, simply read the
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percentage value straight down on the horizontal axis. The example (shown in red, Fig 4)
show that to realize 20% output, the RIP needs to send 23% to the Docucolor 2060.
The Fiery RIP has a very feature-filled customizable color management system called
ColorWise. The ColorWise system facilitates the creation and application of the needed trans
fer curve for each color individually. For our needs we will be simply creating a transfer curve
on the black channel. To create the transfer curve, use the procedure described for Figure 5
for each 10% increment as described above. The linearity test now needs to be printed, read,
averaged, and plotted again to determine if the applied curve resulted in linear output.
Once the device is determined to be in a acceptable state, the test forms can be output under
the calibrated and repeatable condition. The blank sheet must be weighed to determine if the
process of printing (or anything else) had any effect on the weight of the substrate. If every
thing is within the specifications discussed above then the weight of the toner deposited can
be measured. The weight recorded in the first step can be subtracted from the final weight to
determine the toner weight. The results are to be plotted to determine if a relationship exists.
Overprint Test
The next step is to determine if a situation of additivity failure exits. Additivity failure hap
pens when the combination ofA+B does not equal the individual value ofA added to the
individual value of B. The test form in this test will contain three parts: 1) a form with solid
magenta, 2) a form with solid cyan, and 3) a form with solid magenta and cyan printed in the
same place on the sheet. The test forms are shown completely in Appendix C.
This experiment will adhere to the precautions to ensure an accurate test as described for the
prior experiment. The first step is to mark and weigh the sheets of transparency material. The
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test forms will then be printed. Finally the resulting prints are weighed. The results are then
plotted to determine if a relationship exists.
Percentage Test
This final test is to determine the actual toner usage characteristics for each 10% grey value
percentage. This test forms will consist of one uniform 8"xl0" patch per form containing
tints of 10-100% in 10% increments. The full suite of test forms are contained in Appendix
D. A sheet will be printed out containing only the header information (0% tint) so that it can
be subtracted from the weight of the samples. The forms will be
weighed and the data normalized to 80"2 TAC using the formula in
Toner Weight(g)
/80"2 * %\
V 100 )
Table 1. The normalized data can now be compared. Table 1 : Percentage TAC
Normalization
For this test we will use the same preparation and procedures as in the prior tests. The first
step is to mark, then weigh the sheets of transparency material. The second step is to verify
that the 2060 is printing out in a linear fashion as described in the procedures for the con
trast/image structure test. Next the test form is printed out. The sheets are then weighed and
the results evaluated.
Chapter 5
The Results
Transfer Curve DC2060
Image structure/Contrast/Toner Relationship
The first experiment of this study is to determine if a relationship exists between the image
structure size, the contrast, and the toner consumed, given that the total area coverage (TAC)
remains constant. As mentioned in the procedures section, the first step is to weigh the sheets
ofmaterial. The sheets were uniquely labeled using
a permanent marker, and then weighed using the
MettlerToledo AG204 DeltaRange scale described
above. The weights of 80 sheets yielded an average
weight of9.646 grams with a standard deviation of
.045 grams. The significant variation of the mate
rial weight made it wise to mark weigh each sheet
rather than to simply use an average. Nominal Values
Figure 6: The DC2060 in default conditions
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Figure 7: The Fiery transfer curve
The next step of the process is to determine if the
Docucolor 2060 is operating linearly. This process
involved printing out four derivations of the test
form in Figure 4 located on page 14. The first meas
urement of the test form concluded that the 2060 is
not too far off from the linear state we need. The
chart above in Figure 6 is the state of the 2060 using
all of the default settings. The diagonal line is a visu
al aid and represents the desired output. The exam-
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Transfer Curve DC2060pie on the previous page, Figure 7, is the actual
transfer curve used to make the 2060 linear. The
curve is essentially the inverse of the curve in
Figure 6.
Once the curve has been entered into the Fiery RIP
as illustrated in the above diagram, the lineariza
tion test is to be output and read again to deter- 'FjgUre 8: The calibrated transfer curve
mine if the curve was successful in linearizing the device. The chart to the right (Figure 8)
shows the shape of the curve after all the measurements have been taken and averaged for the
second time.
The next step is to print out the test by which we will determine if a relationship between
image structure, contrast and toner usage exists. This is done by printing out the test forms
illustrated in Figure 3 on page 13. The test was initially printed out using two replicates. The
charts on the next page (Figure 9) illustrate both the averaged and individual results. The aver
aged results each show a clear trend, but the data has some noise that seems to be due to error.
The individual charts were made to further investigate weather the anomalous data points were
due to a faulty reading or weather both samples fell into the same area. For example, in the
chart titled "Individual Contrast Effects on Toner
Usage"
the data point of 1", 20% contrast,
series 2 (marked "A") is quite different from the same data point of series 1 . The data lines of
the same color are of the same values. The solid lines are series one, and the dotted lines are
series 2, as denoted by the legend. The data points of .125", 40% contrast, series 1&2 (marked
"B") are of particular interest, because both points fall outside of the expected position. Due
to the noise found in the data, and the inability to make a conclusive judgement on the data,
it was decided to repeat the test. The second iteration of the test will include 3 replicas.
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Contrast Effects on Toner Usage
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Image Structure Effects on Toner Usage
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Figure 9: Results of first test of contrast and image structure
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The second version of the test cleaned up
many of the extraneous data points. The
data points giving the erroneous results
were attributed to improper measurement
accuracy either prior to or after printing.
One interesting factor about the second
version of testing is that the data point of
and 40% contrast is still quite outside
of the curve in relation to the other data
points, notable in Figure 10.
The chart describing image structure effect
on toner usage has straightened out quite a
bit from the first test. The lines are virtual-
contrast Effects on Toner Usage
90 100
Image Structure Effects on Toner Usage
^0.13 9" 0
0.09
0.07
0.625
e Size Pallem (inches]
Figure 10: Results of second test of
contrast and image structure
ly horizontal, except for the one confusing point.
At this point, it is possible to make a conclusion that
the contrast variable in our test had a significant effect
on the amount of toner used. It is also possible to con
clude that the size of the image pattern did not affect
the amount of toner used. An ANOVA was performed
using an confidence of 98%, Table 1 to the right shows
the results of the ANOVA. The ANOVA statistically
verifies what we have concluded visually.
Anova. Two-Factor With Replication Alpha 98%
SUMMAC20 C40 C60 380 :100 Total
SO. 125
Count 3 3 3 3 3 15
Sum 0.274 0 367 0.341 0.395 0.553 1.930
Averag 0.091 0.122 0.114 0 132 0 184 0.129
Varianc 5E-06 6E-06 2E-05 2E-05 6E-05 0.00104
SO 25
Counl 3 3 3 3 3 15
Sum 0.271 0.307 0.333 0 397 0.553 1.861
Averag 0 090 0 102 0.111 0.132 0.184 0.124
Varianc 1E-05 6E-06 3E-06 2E-05 3E-05 0 00116
SO.5
Count 3 3 3 3 3 15
Sum 0.275 0 313 0 325 0 397 0.557 1.867
Averag 0.092 0.104 0.10B 0.132 0 186 0.124
Varianc 3E-05 2E-06 6E-06 1E-05 3E-05 0.0012
S1
Count 3 3 3 3 3 15
Sum 0 291 0 311 0 338 0.409 0.561 1.910
Averag 0.097 0 104 0.113 D.136 0.187 0 127
Varianc 2E-04 6E-05 7E-05 SE-05 6E-0S 0.00121
Total
Count 12 12 12 12 12
Sum 1111 1 298 1.337 1 598 2.224
Averag 0.093 0 108 0.111 0.133 0 185
Varianc 5E-05 9E-05 2E-05 3E-05 3E-05
ANOVA
Source of Variation SS df MS F P-value F crit
Structure 2E-04 3 7E-05 2 118 0.113 3.667
Contrast 0 063 4 0.016 445.020 O.00Q 3.295
Interaction 8E-04 12 6E-05 1 826 0.077 2. 3BO
Within 0 001 40 4E-0S
Total 0.065 59
Table 1: Structure/Contrast anova
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Overprint Test
Overprint Test
Individual Tests
Figure 11: Overprint Chart
Overprint Relationship
This experiment is to determine if the printing
of one toner layer on top of another affects the
amount of toner transferred. The testing proce
dures for this test are very similar to those used
for the image structure and contrast test. The
blank sheets are marked and weighed. The lin
earity of the device is not so important in this
test because we are only printing 100% patches.
After weighing, the sheets can be printed. It is
important to include blank sheets to ensure that
any rigors that the material goes though have not
changed the weight of the material. The sheets
are weighed again and the results are analyzed.
The chart to the right (Figure 11) shows the
results of the overprint test. The chart at the top
of Figure 1 1 is the average of the results. The
chart at the bottom has the individual results charted. One can notice from these charts that
overprinting one color on top of another has little effect on the amount of either toner con
sumed. The weight of toner deposited on the individual sheets of cyan and magenta add up
to relatively the same amount of toner weight as the sheet with cyan and magenta on it. Table
2 shows the analysis of variance that verifies the conclusion that there is little correlation
Anova: Singl
SUMMARY
Factor Alpha 98
Groups Count Sum Average Variance
Separate
Composite
3
3
1.769
1.814
0.590
0.605
6 533E-05
6.333E-06
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups
Within Groups
Tolal
0.0003
0.00014
0.00049 5
0.0003
3.6E-05
9.419 0.037 14 040
Table 2: Overprint Anova
between overprinted color and the amount of toner used.
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PercenI Requested vs. Toner Used
Entire Test Sheet
Percentage Test
The purpose of this test is to determine the
weight of toner necessary to image areas ofdif
fering percentage values. The test consists of
solid
8"xl0"
patches of tints ranging from
10%-100% in 10% increments.
This test is conducted in the same way as the
prior tests. First the sheets are marked and
weighed. The 2060 is tested (and possibly
adjusted) to ensure linearity. The test is then
printed out. The printed sheets are weighed
and the data plotted. Figure 12 shows the raw
Figure 13: Percentage test results - per I"2
data plotted. The magenta line represents the amount of toner used for each percentage if it
were a proportional system (ie. a100% patch would use 2x the toner as a 50% patch). The
chart of Figure 1 3 compares the different amount of toner required to print the same calcu
lated value of 1 "2 TAC. The data obtained from weighing the full sheets was normalized by
using the formula in Table 1 on page 18. The data point represented at the 10% is most like
ly due to error. The value should not be higher than the 20%. The lower the percentage, the
higher the amount of potential error due to the reduced amount of toner to average. As can
be noted, the amount of toner to image theoretically the same TAC is pronouncedly increased
with values over 50%.
Figure 12: Percentage test results entire sheet
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Chapter 6
Summary and Conclusions
The objective of this thesis is to determine what relationship between the total area coverage
and the amount of toner used exists. This is one piece of info that would be needed if one
wanted to develop a software based toner calculator. The following sections discuss the results
of the tests performed in relation to this hypothesis.
Testing Conclusions
Image Structure and Contrast Relationship on Toner Usage. The frequency/contrast test and
how it relates to toner usage yielded two distinct conclusions. The first conclusion, consis
tent with the hypothesis, is that image structure or effectively the amount of edge detail,
does not change the amount of toner used. This conclusion establishes that the geometry of
an image to be printed has no effect on the amount of toner used, no matter how simple or
intricate. It is in my opinion that the toner particles on the edge of the image detail are
truly random to whether or not they will transfer. In other words, if the charge is exactly
down the middle of the particle, the particle has no predisposition to transfer or not trans
fer to the imaging drum.
The conclusion resulting from the second test, conflicting with the hypothesis, is that the
amount of contrast had a significant amount of effect on how much toner was used. All of
the test forms had a calculated total area coverage of 50%. The difference in toner usage
between the two extremes of0% contrast and 100% contrast is 2x. It takes twice the toner to
image half a sheet of 100% tonal value than it does to image one whole sheet at 50% tonal
value.
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The anomalous data point in the image structure and contrast test is believed to be the result
of being placed on some sort of threshold value of the RIP. It is also possible that the 40% and
pattern could be interfering with the imaging grid of the device. One method for
attempting to understand this issue would be to rotate the test pattern
7
to take the hori
zontal and vertical lines of the pattern out of the same axis of the imaging grid.
Overprint Test. The overprint test concluded that there is no difference in the amount of toner
used whether it is printed separately or on top of another layer of toner. This test is consistent
with the original hypothesis. This information is valuable solely because it is a potential vari
able that one need not be concerned with.
Percentage Test. The percentage test was created after finishing both the contrast/image struc
ture test, and the overprint test. The contrast/image structure test concluded that contrast
yielded a different amount of toner used and image structure did not. The test was not prop
erly designed to allow the separation of the variables, so this new test was constructed. The
test concluded that areas of a higher percentage were imaged using a disproportionately high
amount of toner. For example the 100% coverage sheet contained 4 tomes the toner as the
sheet with 50% coverage.
This test expanded on the knowledge obtained from the first test. In the first test (contrast/
image structure) it was determined that the 0% contrast was imaged with approximately half
the amount of toner as the 100% contrast patch while maintaining consistent TAC. This test
confirmed the prior fact is true, but is the most extreme circumstance. The shape of the curve
(Figure 13) shows that the toner use, normalized to TAC, remains consistent until 50% where
it begins an increase of toner use.
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In conventional lithography using amplitude modulation screening, the amount of ink used
to recreate screen percentages would remain linear, given that the ink film thickness is the
same on a dot as on a solid. In a system using bit depth, the engineer designing the system
builds a curve to determine how much toner is deposited to achieve a specified tonal value.
In the case of the Docucolor 2060, the curve is as described in Figure 13.
Future Study
One area of future study would be to develop an implementation of the data gathered. This
test attempted to test for all possible variables of toner usage with regard to consistent TAC.
The test yielded one sole variable, tint percentage.
The most effective and accurate point in the process to apply this sort of calculation would
be at the RIP. Prior to the RIP, many alterations to the file could take place like color man
agement or transfer curves. The RIP has the last opportunity to alter the file and keeps the final
data to be printed. After the file has been RIPed, the image is broken down completely into
pixels. An effective algorithm could easily evaluate the image to be printed on a pixel by pixel
basis. The algorithm could keep track of the square inches used for each 10% increment, then
at the end of the job, multiply the value by the amount of toner used per square inch. The
process would have to be done for all four colors.
The easiest implementation of this concept would be a "printer" published by the RIP. The
files sent to the print driver would go through the process described above and in a few min
utes (depending how big the job is) the RIP could return a value representing the cost of the
toner for the job.
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Another opportunity for future study is to
attempt to maximize the efficiency of toner
consumption prior to the characterization of
the usage. Performing these adjustments would
ensure that the device is operating at optimal
efficiency. The amount of toner imaged for the r. , , ^J Figure 14: Density versus Toner Consumed
100% patch seems as if it could be excessively high. A test could be conducted where the den
sity of the solid is lowered. The chart above (Figure 14) shows the actual toner usage in the
tonal value test compared to density. The figure shows that as the amount of toner increases,
the amount ofdensity levels off. The objective is to find the point of lowest toner usage, while
still having an acceptable solid density. The lowering of the solid coverage would not neces
sarily affect the image quality dramatically, but the savings of toner could be profound.
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Appendix A
Image Size and Contrast Test
This test was actually printed on transparency material,
but has been printed on paper for this thesis
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Appendix B
Linearity Test
This test was actually printed on transparency material,
but has been printed on paper for this thesis
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Appendix C
Overprint Test
This test was actually printed on transparency material,
but has been printed on paper for this thesis
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Appendix D
Percentage Test
This test was actually printed on transparency material,
but has been printed on paper for this thesis
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